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ABSTRACT 
The aim of this thesis was to study how safe it is to use human excreta 
for agricultural purposes. Potatoes (Solanum tuberosum) and cabbages 
(Brassica oleracea var. Castello) were cultivated using urine and 
composted faeces as treatments. Mineral fertilization and blank 
treatment or no treatments were used as references. 
The main study of the ecosanitation project focused on the nutrients, 
the pathogens and the heavy metals in the soil after the experiment, in 
the fertilizers and in the crops. Taste test was also done for potatoes 
and cabbages. 
The present study is about six different trace elements cadmium, 
copper, chromium, nickel, lead and zinc. Wet digestion was done for 
soil, fertilizers and vegetables. 
The trace elements were determined with the AAS method. The mass 
fractions of the concentrations were calculated according to the 
instructions given in the related standard. 
The results were compared with the limit values determined by the 
State Council in Finland. 
All the studied heavy metals stayed below the limit values.  
The results suggest that use of human excreta in cultivating food crops 
is safe. 
More studies should be done concerning the intake of heavy metals by 
plants when the human excreta are applied as fertilizers in long term. 
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TIIVISTELMÄ 
 
Tässä opinnäytetyössä kuvattu tutkimus liittyy ekosanitaatioprojektiin, 
jossa selvitetään ravintoaineita, taudinaiheuttajia ja raskasmetalleja 
kompostimullalla lannoitetussa maassa, lannoitteissa ja satokasveissa.  
Tämän tutkimuksen tarkoituksena oli selvittää, kuinka turvallista on 
kuivakäymäläkompostin ja erotellun virtsan käyttö lannoitusaineena 
perunan ja kaalin kasvatuksessa. Vertailuviljelmissä käytettiin 
kivennäislannoitetta ja täysin lannoittamatonta käsittelyä. 
Tutkimuksessa seurattiin kuuden raskasmetallin esiintymistä 
kasvatusmaaperässä, lannoitusaineessa ja kasveissa. Tutkitut 
raskasmetallit olivat kadmium, kromi, kupari, nikkeli, lyijy sekä 
sinkki. Raskasmetallit määritettiin AAS-menetelmän avulla ja 
pitoisuudet laskettiin standardin ohjeen mukaisesti. Tuloksia verrattiin 
Suomen valtioneuvoston asettamiin raja-arvoihin. Kaikki tutkitut 
raskasmetallit jäivät alle sallittujen enimmäispitoisuuksien.  
Tulokset osoittavat, että kompostoidulle kuivakäymäläjätteen käytölle 
ei ole mitään estettä kasvinviljelyn lannoitteena. Tarvitaan kuitenkin 
lisätutkimuksia siitä, kuinka tällaisen lannoitteen pitkäaikainen käyttö 
vaikuttaa raskasmetallien esiintymiseen viljelykasveissa ja 
maaperässä. 
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1. INTRODUCTION 
Nowadays the mineral fertilizers are the major tools in the 
maintenance of soil fertility. Their massive use however could lead to 
eutrophication of lakes and also to the degradation of soils by 
reducing the organic matter. Nitrates and phosphates are diffuse 
pollutants that are leached due to excessive use in agriculture /7/. 
 Appropriate methods toward sustainability continue to be 
investigated, especially in the context of additional environmental 
changes like pollution and climate change. 
The priority should be given to nutrients and contaminants regarding 
their negative impact on natural habitat and ecosystems in 
implementing pollution policy. 
 
1.1 USE OF ORGANIC FERTILIZERS IN AGRICULTURE 
The application of composted municipal sewage to agriculture 
purposes could be an alternative for solving the problem of the 
increase of excess sludge discharge and the unavailability of sewage 
connections in some rural areas. The alternative can improve soil 
physical and biological properties, prevent soil erosion, increase soil 
organisms and reduce the need for fertilizers and pesticides. The 
organic wastes can also be reduced from the landfills/17/. 
 
Composted sewage sludge can be applied to cropland to supply 
nutrients and improve soil physical properties. The recycling of 
organic wastes that stimulates the ecological cycle of elements has 
become necessary. However the authorities and decisions makers are 
concerned about the heavy metals accumulation in croplands and 
heavy metals accumulation in food products. The agricultural use of 
sewage sludge compost requires the knowledge of its degree of 
stability and the HM forms since the HM are not biodegradable and 
accumulate along the food chain. 
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The Council of the European Union Communities is regulating the 
sewage use for agricultural purposes and the limit values of HM in 
soils (86/278/EEC) to prevent harmful effects on soil, vegetation, 
animals and man but it is also encouraging its correct application 
ensuring that the HM amounts do not exceed the limit values for the 
concentration in sludge and also ensuring that limit values for the 
quantities of HM that can be added to the soil on the basis of a 10 year 
average are not exceeded. The limit values of heavy metals in soil, 
sludges and in foodstuffs are in Table 1, 2, 3 and 4. /9,10,11/. 
 
 Erosion and soil degradation are becoming serious threats for 
agriculture in semi arid regions. In Spain cauliflower plots containing 
compost sewage sludge showed improved nutrients rate and enhanced 
physical, chemical and biological properties. No measurable content 
of HM could be found in any of the cauliflower tissues analyzed and 
the compost application did not affect cauliflower production but 
increased the fresh weight of leaves and roots. The conducted study 
supports that production of compost from wastewater represents a 
good way to produce a dry, nutrient rich and easy to transport 
fertilizer that can be applied to horticultural plots /12/. 
 
A study was implemented to investigate the influence of two composts 
on soil properties, the spent mushroom compost and compost 
produced from industrial sludges. The experience consisted on barley 
growth and the monitoring of soil properties and commercial mineral 
fertilizer treatment was used as reference. The experiment results 
revealed a strong and positive correlation in the spent mushroom 
compost treatments between soil nutrient quality, the organic matter 
and the grain yield. /15/. 
 
1.2 HEAVY METALS IN ORGANIC FERTILIZERS 
The EEC is defining the sludge by residuals from sewage plants 
treating domestic or urban wastewaters and is recommending the 
treatment of sludge before being used in agriculture. 
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The EEC recommend also that where the sludge is added to soils 
which the pH is below 6 the HM mobility and availability should be 
taken into account and monitored to ensure that the HM amounts do 
not exceed the limit values. 
 
Table 1. Limit values for concentrations of HM in soils as mg/kg 
of dry matter in a representative sample/11/. 
Trace elements Limit values in Finland Limit values in EU 
Cd 0,5 1 to 3 
Cr 200 100 to 150 
Cu 100 50 to 140 
Ni 60 30 to 75 
Pb 60 50 to 300 
Zn 150 150 to 300 
 
 
Table 2. Limit values for concentrations of HM in sludge and 
sludge mixtures used in agriculture as mg/kg of dry matter in a 
representative sample/11/. 
Trace elements Limit values in Finland Limit values in EU 
Cd 3 20 to 40 
Cr 300 1000 to 1500  
Cu 600 1000 to 1750 
Ni 100 300 to 400 
Pb 150 750 to 1200 
Zn 1500 2500 to 4000 
 
 
Table 3. Limit values for amounts of HM, which may be added 
annually to agricultural land (based on 10 years average) as 
kg/ha/yr /10/. 
Trace 
elements 
Limit values in 
EU 
Cd 0,15 
Cr 4 
Cu 12 
Ni 3 
Pb 15 
Zn 30 
 
The Commission Regulation (EC) has been setting the maximum 
levels for HM in foodstuffs (1881/2006) to keep the contaminants at 
levels that are toxicologically acceptable. 
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Table 4. Maximum levels of HM in foodstuffs as mg/kg wet weight 
/10/. 
Trace 
elements 
Limit values in 
cereals 
Limit values in 
vegetables 
Cd 0,1 0,05 
Cr ND   ND 
Cu ND   ND 
Ni ND  ND  
Pb 0,2 0,1 
Zn ND  ND  
(ND: Not Defined) 
 
The Finnish Ministry of the Environment is regulating the use of 
sewage sludge in agriculture with the Government Decision on the use 
of sewage sludge in agriculture (No. 282) and recommend that the 
sludge shall be treated before agriculture use with digestion or lime 
stabilization or with some other method to minimize its pathogen 
content. The decision requires also that only sludge containing less 
than the maximum concentrations of HM specified may be used in 
agriculture. 
 
A study was conducted in France to determine the HM speciation and 
the influence of changing the physical-chemical properties of the 
medium in the course of composting of sewage sludge on the 
concentration of Cu, Zn, Pb, and Ni. The results revealed that the 
compost could supply all macronutrients necessary for plant growth. 
The total concentration of the analyzed HM is very low and 
acceptable for agricultural use. The mobility and the availability of 
HM are dependant on other properties beside HM content such as 
organic matter decomposition and the pH. The HM were found in 
fractions more resistant to extraction indicating their stability and 
unavailability for plant uptake /16/. 
 
The decision to apply organic wastes on agricultural land should be 
governed by the knowledge on the resources on the soils on the 
regional scale for instance their potential to buffer HM rather than 
considering only the limit values of the HM in soils and wastes. The 
actual regulations are not considering the individual uptake of soils for 
HM /8/. 
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1.3 HUMAN EXCRETA AS FERTILIZER 
Human excreta are a natural resource that is underestimated. They can 
be used for agricultural purposes after being composted to avoid 
health risks. Separating pit latrines that are separating the urine from 
faeces are allowing the re-use of both of the fertilizers. It easier to 
control the amount needed according to the nitrogen content and also 
to succeed in composting the faeces. After being composted in a 
appropriate manner there would be no odours and no risk of 
contamination /11/.     
 
Annual amount of excreta wastes is about 520kg/person that include 
7,5kg of nitrogen, phosphorus and potassium that the plants need. 
Pure urine contains 98% of nitrogen, 65% of phosphorus and 80% of 
potassium. When separated from faeces urine is clean and can be 
applied with water as additive nutrient in soil. 
Actually the excreta separation devices have not get enough 
popularity because of lack of information, availability and also due 
sometimes to the difficulty of using them /14/. 
 
2. METHODS 
2.1 DESCRIPTION OF THE STUDY SITE 
The study site was situated near the hospital of Hatanpää. The area of 
the cultivation experiment was 13m*30m =390m2. 
 
2.2 THE PROJECT CALENDAR 
The preparation of the experiment started already the 18th of April 
2007.The cultivation experiment started in the beginning of the 
growing season of 2007. More details concerning the experiment 
calendar are shown in the table 5. 
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Table 5. The timetable of the experiment. 
Day Action
Start End
18 April 2007 04 May 2007 Experiment preparation
8 May 2007 8 May 2007 Urine and compost transported
10 May 2007 18 May 2007 site preparation
16 May 2007 31 May 2007 Soil, urine and compost analyzed
10 April 18 May 2007 seeds reserved
10 May 2007 08 June 2007 soil preparation
01 June 2007 13 June 2007 sowing and planting
01 June 2007 09 July 2007 Fertilization
29 July 2007 03 August 2007 Adding soil
14 may 2007 06 September 2007 Soil sampling
06 june 2007 06 september 2007 fencing monitoring
12 June 2007 03 September 2007 rain meter monitoring
15 June 2007 03 September 2007 Pest monitoring
10 May 2007 09 August 2007 Weeding
14 june 2007 06 July 2007 Irrigation
25 June 2007 01 August 2007 Monitoring vegetables according to instructions
01 June 2007 03 September 2007 Taking photos
21 August 2007 01 October 2007 Slicing the vegetables for analyses
13 August 2007 20 August 2007 Harvesting the potatoes
03 september 2007 06 September 2007 Harvesting the cabbages
24 October 2007 04 December 2007 Lab. Analyses (wet digestion+AAS)
07 January 2007 30 April 2007 Reporting and litterature investigation
 
2.3 EXPERIMENTAL SET UP 
2.3.1 SITE PREPARATION 
The chosen growing plants were Potato (Solanum tuberosum), since it 
is the world's most widely grown crop and one of the most common 
food plants and cabbage (Brassica oleracea var. Castello) since it is 
very demanding in terms of nutrients and it is also commonly 
cultivated worldwide.  
Before starting the cultivation the site was prepared by taking the 
weeds as much as possible, ploughing and harrowing the soil twice 
and fencing to protect and limit the site. 
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                            Figure 1. The ploughing 
 
 
 
                            Figure 2. The fencing 
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During the experiment period, the site was checked daily, and the 
fencing, the locks, the wooden sticks that mark each raw are all 
monitored. 
All the animals visiting the site were recorded and all the damages 
observed inside the fencing were also recorded. 
Weeding is a continuous activity that is done regularly in order to 
keep the site clean and also to ensure that all the fertilizers are 
benefiting the crops only. Since the cultivation served research 
purposes the weeds, Elymys Repens, needed to be removed constantly 
from their roots to ensure the entire nutrients intake for cabbages and 
potatoes. 
 
 
                            Figure 3. The weeds /6/. 
 
The pest monitoring was also done daily and all the insects violations 
had to be reported.  
Irrigation was done with a trial sprinkler whenever it was necessary. 
A water meter was installed on the site in order to able to monitor 
daily the amount of rain collected. The volume of water was 
monitored daily and the water meter was emptied. 
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Table 6. Water amount collected from water meter 
Month mm/m2 
June 79 
July 83,5 
August 60 
 
                            Figure 4. Rain meter device. 
 
The soil has not been limed since the soil pH before the experiment 
had an average of 6,73. 
The mineral fertilizer used was Puutarhan Kevät. The amount of the 
mineral fertilizer was defined based on the recommendation for the 
commercial fertilizer and it was 8 kg/100m2 or 8% of the mass. 
The nitrogen content was the limiting factor that was used in order to 
define the needed amount from urine, composted faeces and mixte 
treatment.  
 
2.3.2 FERTILIZATION 
Jacqueline Mwakangale defined the nitrogen concentration of urine 
and composted faeces. The concentrations are showed in the table7. 
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Table 7. Nitrogen concentrations of urine, soil and composted 
faeces. 
Samples 
used Acid used (ml) Mass of the sample (g) % N g/kg average g/kg or g/l
Blank 1 2,09     
Blank 2 0,77     
Urine 1 3,38 1 0,07 0,73  
Urine 2 16,57 1 0,44 4,42  
Urine 3 88,35 1 2,45 24,52  
Urine 4 11,23 1 0,29 2,93  
Urine 5 1,50 1 0,02 0,20  
Urine 6 1,05 1 0,01 0,08 5,48 
Soil 1 12,91 1,03 0,33 3,30  
Soil 2 12,63 1,02 0,33 3,27  
Soil 3 1,18 1,01 0,01 0,12  
Soil 4 3,12 1,03 0,06 0,64  
Soil 5 5,75 1,01 0,14 1,38 1,74 
Compost 1 28,61 1,01 0,77 7,74  
Compost 2 38,34 1,01 1,04 10,44  
Compost 3 43,71 1,00 1,20 11,99 10,06 
 
According to the measured concentrations showed in table 7 we 
defined the needed concentrations for urine and compost. The 
recommendation for urine was 5,5 g/l and for compost 10g/kg. 
 
2.3.2.1 MINERAL FERTILIZATION 
The N available from the mineral fertilizer is 80g 
Table 8. Nutrient concentrations of the mineral fertilizer 
Nutrients (%) Puutarhan Kevät 
Total Nitrogen (N) 8 
Ammonium nitrogen (NH4N) 5,5 
Nitrate Nitrogen (NO3N) 2,5 
Phosphorus (P) 4 
Phosphorus water soluble 3,4 
Potassium (K) 14 
Magnesium (Mg) 2 
Sulphur (S) 8 
Boron (B) 0,07 
Copper (Cu) 0,05 
Iron (Fe) 0,05 
Manganese (Mn) 0,35 
Molybdenum (Mo) 0,01 
Zinc (Zn) 0,05 
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The amount of mineral fertilizer needed for potatoes was calculated: 
For Potatoes the required amount of N is 80kg/ha = 8g/m2. 
Total area for 1 treatment: 12,8 m2. 
Need of N: 8g/ m2*12,8 m2 = 102,4g 
102,4g/80g/kg = 1,28 kg. 
There 4 replicates per treatment and 10 plants per replicate. 
1 plant needs 1,28kg/ 40plants = 0,032 kg/plant. 
 
The amount of mineral fertilizer needed for cabbages was calculated: 
For Cabbages the required amount of N is 17,5g/m2. 
Total area for 1 treatment: 24 m2. 
Need of N: 17,5g/ m2*24 m2 = 420g 
420g/80g/kg = 5,25 kg. 
There 4 replicates per treatment and 10 plants per replicate. 
1 plant needs 5,25kg/ 40plants = 0,13125 kg/plant. 
This amount was considered to be big so it was given in3 times and 
the amount given per 1 time treatment was 0,04375kg/plant. 
 
2.3.2.2 URINE FERTILIZATION 
The separated urine was collected fromVastanfjard community and it 
has been transported to the site in a tank that has been covered to 
minimize the evaporation rate.   
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                            Figure 5. Urine tank. 
 
The amount of urine needed for potatoes was calculated: 
For Potatoes the required amount of N is 80kg/ha = 8g/m2. 
Total area for 1 treatment: 12,8 m2. 
Need of N: 8g/ m2*12,8 m2 = 102,4g 
102,4g/5,5g/l = 18,618L. 
There 4 replicates per treatment and 10 plants per replicate. 
1 plant needs 18,618L / 40plants = 0,4654L/plant. 
The urine was diluted with tab water in a ratio 1:1.  
Each plant needs 0,93L of diluted urine. 
 
The amount of urine needed for cabbages was calculated: 
For Cabbages the required amount of N is 17,5g/m2. 
Total area for 1 treatment: 24 m2. 
Need of N: 17,5g/ m2*24 m2 = 420g 
420g/5,5g/L = 76,3636L. 
There 4 replicates per treatment and 10 plants per replicate. 
1 plant needs 76,3636L / 40plants = 1,90/plant. 
The urine was diluted with tab water in a ratio 1:1. So 1 plant needs 
3,8L of diluted urine. 
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This amount was considered to be big so it was given in3 times and 
the amount given per 1 time treatment was 1,27L/plant. 
 
2.3.2.3 COMPOST FERTILIZATION 
The composted faeces were collected in plastic boxes and were close 
to the separated urine tank on the site. A weighting scale was disposed 
on the site in order to estimate precisely the needed amount of 
compost and mineral fertilizers. 
 
                           Figure 6. Scale used on the site for weighting the needed composted faeces. 
 
For Potatoes the required amount of N is 80kg/ha = 8g/m2. 
The amount of composted faeces needed for potatoes was calculated: 
Total area for 1 treatment: 12,8 m2. 
Need of N: 8g/ m2*12,8 m2 = 102,4g 
102,4g/10g/kg = 10,24 kg. 
There 4 replicates per treatment and 10 plants per replicate. 
1 plant needs 10,24kg/ 40plants = 0,256 kg/plant. 
 
The amount of composted faeces needed for cabbages was calculated: 
For Cabbages the required amount of N is 17,5g/m2. 
Total area for 1 treatment: 24 m2. 
Need of N: 17,5g/ m2*24 m2 = 420g 
420g/10g/kg = 42 kg. 
There 4 replicates per treatment and 10 plants per replicate. 
1 plant needs 42kg/ 40plants = 1,05 kg/plant. 
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This amount was considered to be big so it was given in3 times and 
the amount given per 1 time treatment was 0,35kg/plant. 
 
2.3.2.4 MIXTE FERTILIZATION 
The amount of composted faeces and urine needed for potatoes was 
calculated: 
For Potatoes the required amount of N is 80kg/ha = 8g/m2. 
Total area for 1 treatment: 12,8 m2. 
Need of N: 8g/ m2*12,8 m2 = 102,4g 
Half of N from the compost: 0,256 kg/plant/2 = 0,128kg/plant 
Half of the N from the urine: 0,93L/plant/2= 0,46L /plant of diluted 
urine. 
 
The amount of composted faeces and urine needed for cabbages was 
calculated: 
For Cabbages the required amount of N is 17,5g/m2. 
Total area for 1 treatment: 24 m2. 
Need of N: 17,5g/ m2*24 m2 = 420g 
Half of N from the compost: 0,256 kg/plant/2 = 0,175kg/plant 
Half of the N from the urine: 1,27L/plant /plant/2= 0,63L /plant of 
diluted urine per one time treatment. 
The fertilizers were added after the plantation on the side of the row. 
The mineral fertilizer was spread on both sides of each plant taking 
care to not put any fertilizer on the plant. 
2.3.3 SOWING 
 
The sowing started the 1st of June 2007. The site has been first divided 
in to two parts, one for the potatoes and the other for the cabbages. 
Each side was divided in to 5 equal areas from each forming 1,2, 3,4, 
5 distinct parallels. 
Each parallel has been divided in to 4 different replicates from each 
treatment. 
There is a corridor or protection zone left between each different 
treatment and each different crop to avoid the contamination risk. And 
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within the same crop a protection zone was kept between each 
different treatment. 
 
The parallels looked as follows: 
West 
Mixte (urine+compost) Compost fertilizer Blank Mineral fertilizer Urine 
Parallel 1 Parallel 2 Parallel 3 Parallel 4 Parallel 5
Potatoes Potatoes Potatoes Potatoes Potatoes
Mixte (urine+compost) Compost fertilizer Blank Mineral fertilizer Urine 
Parallel 1 Parallel 2 Parallel 3 Parallel 4 Parallel 5
Cabbages Cabbages Cabbages Cabbages Cabbages
East 
The Potatoes parallel looked as follows: 
 
Length 6m
Replicate 1                      at least 0,8 m↨
Urine Replicate 2                      at least 0,8 m↨
Replicate 3                      at least 0,8 m↨
Replicate 4                      at least 0,8 m↨  
 
 
The Cabbages parallel looked as follows: 
Length 6m
Replicate 1                      at least 1 m↨
Urine Replicate 2                      at least 1 m↨
Replicate 3                      at least 1 m↨
Replicate 4                      at least 1 m↨  
 
 
2.4 ANALYSIS AND ANALYSIS METHODS FOR SOIL AND FERTILIZERS 
2.4.1 SAMPLING 
Before the experiment the samples from soil, urine and composted 
faeces were taken the same day. 
Soil sampling was done in the beginning and in the end of the 
experiment. 
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In the beginning the soil was taken from 5 different areas from the 
cultivation area in order to have a representative soil sample. The soil 
samples were given the numbers 1, 2,3, 4 and 5. 
 
                                                SOUTH 
   
5  2 
   
   
 1  
   
   
4  3 
   
 
NORTH 
            Figure 7. Soil sampling spots before the starting of the experiment 
 
At the end of the experiment the soil samples were taken from 
potatoes and cabbages crops separately and sampling was done in 
each treatment. 
Bulk density analysis was done first with fresh samples then the rest 
was left to dry in ambient temperature in plastic boxes in the 
laboratory. The boxes were put on the top of cupboard to avoid any 
risk of contamination.  
The pre-treatment of soil samples was done according to the 
International Standard ISO 11464.The samples were sieved by using 
the mechanical shaker and soil samples particules are not more than 
2mm size. 
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                            Figure 8. Mechanical shaker used for sieving the samples. 
 
The separated urine was collected in a plastic recipient and was stored 
in a cool place. 
2.4.2 DETERMINATION OF pH AND BULK DENSITY OF SOIL AND FERTILIZERS 
The pH was measured according to European Standard EN 
13039:1999. 
The pH calibration was done at 20°C. The pH of the soil was 6,74, the 
pH of the compost was 4,61 and the pH of the urine was 8,45.  
 
The bulk density of soil and composted faeces samples was 
determined according to the European Standard EN 13040. 
Table 9. Bulk density of soil and fertilizers samples. 
Sample Mass (g) Mass of empty cylinder (g) Bulk density (g/l) 
Fresh soil 1394,25 499,5 895 
Dry soil 1467,75 499,5 968 
Compost 877,75 499,5 378 
 
2.4.3 DETERMINATION OF SOIL TEXTURE 
The soil texture was defined by texture-by feel analysis and it was 
loam. The test was done for soil samples before the starting of the 
experiment. 
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2.4.4 DETERMINATION OF DRY MATTER AND MOISTURE CONTENTS OF SOIL 
AND COMPOSTED FAECES 
The dry matter and the moisture contents were determined according 
to the European Standard EN 13040. For the soil the dry matter 
content was 79,55% and the moisture content was 20,44%. For the 
compost the dry matter content was 23,18% and the moisture content 
was 76,82%. 
 
2.4.5 DETERMINATION OF ORGANIC MATTER OF SOIL AND COMPOSTED 
FAECES 
The organic matter content was determined according to the SFS- EN 
13039. For the soil the organic matter content was 8,62% and for the 
compost it was 83,87%. 
 
2.4.6 EXTRACTION OF TRACE ELEMENTS FROM SOIL AND FERTILIZERS 
The extraction of trace elements from soil, composted faeces and 
urine was done according to the International Standard ISO 11466. 
Before the digestion the samples were left in aqua regia overnight. 
 
 
                              Figure 9. Wet digestion apparatus. 
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For soil, composted faeces and urine samples digestion, there were 
two blanks and two replicates per sample. 
During the digestion there was some foaming observed in the neck of 
the cooling tubes, especially with the composted faeces samples.  The 
samples were not discarded. The weight of the sample is mentioned in 
the annexes 2, 3 and 4. 
 
2.4.7 DETERMINATION OF TRACE ELEMENTS WITH FLAME AAS 
The determination of cadmium (Cd), chromium (Cr), copper (Cu), 
nickel /Ni), lead (Pb), and zinc (Zn) was done according to the 
international standard ISO 11047. The apparatus used was SOLAAR 
AA Series OPERATORS Thermo Elemental. Standard solutions were 
prepared from stock solutions containing 1000mg/l of the analysed 
elements.  
10ml of 2% KCl solution were added in all samples and calibration 
solutions as ionisation buffer for chromium analyse. Four calibration 
solutions were prepared for each element. 
 
                             Figure 10. AAS apparatus. 
 
Mass fractions for each sample and for each element were calculated 
according to the formula given in the International standard ISO 
11047. The mass fractions calculations are shown in the appendixes 1, 
2, 3, 4, 7 and 8. All the negative values of the trace elements that were 
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found were considered as below the detection limit and were replaced 
by zero for the calculations. 
 
2.5 ANALYSIS AND ANALYSIS METHODS FOR POTATOES AND CABBAGES 
2.5.1 SAMPLING AND PRETREATMENT 
The monitored potatoes from each replicate and each treatment were 
sliced with regular knives and dried during in preheated oven at 55°C.  
The sliced samples were put on baking paper on the oven plates. 
The dried samples were stored in paper bags that were given a code 
corresponding to the treatment and the replicate number. 
 Then a mass of appreciatively 5 g was collected to be representative 
sample from each replicate and was used for the trace elements 
analyse. The sample masses are shown in the appendixes. 
The same procedure was done for the cabbages. The selected 
cabbages were sliced partially since the representative sample from 
each replicate did not exceed 5g.  
 
2.5.2 DETERMINATION OF MOISTURE CONTENT 
Potatoes and cabbages were sliced. The slices were put on baking 
paper. The wet weight was recorded. The slices were dried at 55°C for 
16 hours and the dry weight was taken. The moisture content of 
potatoes and cabbages was determined according to the Finnish 
standard SFS-EN 13040. The results of the dry matter content and the 
moisture content are shown in the tables 17 and 18. 
 
 
2.5.3 ANALYSES OF POTATOES AND CABBAGES 
The potatoes and cabbages were sliced and dried at 55°C for 16 hours. 
The mass of samples collected for the wet digestion is shown in the 
appendices 5 and 6. The trace elements extraction was done according 
to the International Standard ISO 5515. The decomposition of the 
organic matter was done without perchloric acid, and the solutions 
volume was 50ml. The wet digestion was done using BUCHI 
Digestion apparatus K-437. 
 
 
TAMK UNIVERSITY OF APPLIED SCIENCES      FINAL THESIS                             30(45)                
Environmental Engineering                                          Samira Hamdine 
 
 
 
 
 
 Figure 11. Buchi Digestion apparatus used for digestion of         
organic matter         for potatoes and cabbages. 
 
The determination of cadmium (Cd), chromium (Cr), copper (Cu), 
nickel /Ni), lead (Pb), and zinc (Zn) was done according to the 
international standard ISO 11047. The same apparatus was used as for 
the soil and fertilizers samples. 
Standard solutions were prepared from stock solutions containing 
1000mg/l of the analysed elements.  
10ml of 2% KCl solution were added in all samples and calibration 
solutions as ionisation buffer for chromium analyse. 
Four calibration solutions were prepared for each element. The 
amount of their corresponding concentrations is shown in the table 16. 
Mass fractions for each sample and for each element were calculated 
according to the formula given in the International standard ISO 
11047. The mass fractions calculations are shown in the appendixes 5 
and 6. 
All the negative values of the trace elements that were found were 
considered as below the detection limit and were replaced by zero for 
the calculations. 
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3. RESULTS 
3.1 CABBAGE YIELD 
 
 
                           Figure 12. Cabbages crop. 
After harvesting, the cabbages were counted and their respective weight 
was recorded. The total yield was 499kg from all the five different 
treatments. The average weight of cabbages was estimated for each 
treatment. 
Table 10. Summary from total cabbages yield. 
Treatments Cabbages number Total (kg) Average (kg) 
URINE 40 115,10 2,88 
URINE+COMPOST 42 120,61 2,87 
COMPOST 41 105 2,56 
NO FERTILISER 41 67,10 1,64 
MINERAL FERTILISER 40 91,43 2,29 
 
Total yield of cabbages per treatment
0
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40
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120
140
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                Figure 13. Total yield of cabbages per treatment. 
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The amount of HM found from the soil before the starting of the 
experiment was low, except for cadmium (Cd) where the amount was 
below the detection limit 
All negative results where the absorption result was less than the 
absorption of the blank were assumed to be below the detection limit 
(BDL) and in the calculations BDL was replaced by zero value. 
 
Table 11. Mass fractions of the trace elements in the soil before 
the starting of the experiment ± standard deviations. 
 
Mass fractions of soil (mg/kg) 
 Trace elements 
 Soil Limit values in Finland 
Cd 0 0,5 
Cr 37,47±3,68 200 
Cu 28,77±0,05 100 
Ni 7,48±3,39 60 
Pb 5,68±2,33 60 
Zn 71,76±7,85 150 
 
Trace elements of soil before the experiment
0,5
100
60 60
150
200
0
50
100
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200
250
Cd Cr Cu Ni Pb Zn
Trace elements
Mass fractions 
(mg/kg)
Limit values in Finland
Figure 14. Comparison between the HM obtained results from the 
soil before the experiment and the limit values in Finland. 
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3.2 POTATO YIELD 
 
 
                            Figure15. Potatoes crop. 
 
After harvesting, the potatoes were selected according to their size and 
the ones that were having less than 2cm diameter were discarded.  
The blight disease caused by fungi Phytopthore infestans that is 
spreading rapidly under warm and humid conditions threatened part of 
the crop. 
 The leaves turned brown and black and some stems were completely 
rotten. We had to cut the stems of the plants to prevent the roots 
contamination. We did not use any fungicide. 
 
The total yield of potatoes was 191 kg. 
 150 potatoes were discarded and the rest were weighted. The 
discarded ones were not considered in the results. The average of the 
weight from each potato plant was estimated for each treatment. 
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                            Figure 16. Rotten potatoes 
 
 
                            Figure 17. The blight 
 
Table 12. Number of discarded potatoes per treatment. 
Treatments Discarded
URINE 10 
URINE+COMPOST 19 
COMPOST 27 
NO FERTILISER 23 
MINERAL FERTILISER 26 
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Table 13. Summary from total potatoes yield per treatment. 
Treatments Potatoes number Total (kg) Average (g) 
URINE 597 36,75 61,55 
URINE+COMPOST 541 35,62 65,84 
COMPOST 596 39,1 65,6 
NO FERTILISER 616 41,57 67,49 
MINERAL FERTILISER 567 38,11 67,22 
 
Total yield of potatoes per treatment
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 Figure 18. Total yield of potatoes per treatment. 
 
3.3 POTATO AND CABBAGE DRY MATTER CONTENT AND MOISTURE CONTENT 
The potato and cabbage dry matter content and moisture content are 
shown in the table 14 and 15. The dry matter content and moisture 
content average was estimated for each treatment separately.  
Table 14. Potato dry matter content and moisture content. 
Sample treatment Dry matter content % Moisture content % 
Human Urine 18,57 81,43 
Composted faeces+urine (1:1) 17,64 82,36 
Composted human faeces 17,43 82,57 
Control with no fertilizer 18,5 81,5 
Commercial fertilizer 17,84 82,16 
 
 
Table 15. Cabbage dry matter content and moisture content 
Sample treatment 
Dry matter content 
% Moisture content % 
Human Urine 8,97 91,03 
Composted faeces+urine (1:1) 8,93 91,07 
Composted human faeces 8,63 91,37 
Control with no fertilizer 8,97 91,03 
Commercial fertilizer 9,39 90,61 
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3.4 HEAVY METALS 
In urine there were no Cd and Pb since their amounts were BDL. Ni, 
Cr, Cu and Zn amounts were low and below the limit values of the 
sludge used as fertilizer. The weight of the urine was assumed to be 
1kg/l. In composted faeces Cd amount was BDL and Cr, Cu, Ni, Pb 
and Zn were having a low amount below the limit values of the sludge 
used as fertilizer. 
 
Table 16. Mass fractions of trace elements in composted faeces 
and urine. 
Trace 
elements 
 
Mass fractions   
 
  
Composted faeces 
mg/kg Urine mg/l 
Limit values in Finland 
mg/kg 
Cd 0 0 3 
Cr 1,58±0,07 0,03±0,01 300 
Cu 20,79±0,72 0,04±0,04 600 
Ni 7,11±1,87 0,06±0,06 100 
Pb 1,37±0,54 0 150 
Zn 328,40±7,86 0,10±0,14 1500 
 
 
Mass fractions of HM in urine and composted faeces
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Figure 19. Mass fractions of HM in faeces and urine. 
 
The HM amounts from soil for potatoes crops after the cultivation 
were low, below the limit values for soil in Finland.  
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Table 17. Mass fractions of trace elements in soil samples for 
potato after the experiment. 
 
Trace 
elements 
 
Mass fractions of soil 
  
  After experiment mg/kg 
Limit values in Finland 
mg/kg 
Cd 0,008±0,02 0,5 
Cr 27,45±1,30 200 
Cu 20,70±2,23 100 
Ni 12,31±0,71 60 
Pb 4,57±1,56 60 
Zn 59,95±3,28 150 
 
The HM amount in soil from potatoes crop didn’t change significantly 
during the experiment considering the standard deviations of the 
average.  
 
Table 18. Comparison between the obtained results of HM from 
potato soil before and after the experiment. 
Mass fraction of soil 
(mg/kg) Trace elements 
  Before After 
Cd 0 0,008±0,02 
Cr 37,47±3,68 27,45±1,30 
Cu 28,77±0,05 20,70±2,23 
Ni 7,48±3,39 12,31±0,71 
Pb 5,68±2,33 4,57±1,56 
Zn 71,76±7,85 59,95±3,28 
 
The HM amounts in soil from cabbages crops after the cultivation 
were low, below the limit values for soil in Finland.  
Table 19. Mass fractions of trace elements in soil samples for 
cabbage after the experiment. 
Trace 
elements 
 
Mass fractions of soil (mg/kg) 
  
  After experiment  Limit values in Finland 
Cd 0,005±0,01 0,5 
Cr 27,37±1,25 200 
Cu 27,90±2,98 100 
Ni 12,96±1,58 60 
Pb 7,83±0,88 60 
Zn 68,17±6,57 150 
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As from the potatoes crop, the HM in soil from cabbages crop didn’t 
change significantly. 
 
Table 20. Comparison between the obtained results of HM from 
cabbage soil before and after the experiment. 
Mass fraction of soil 
(mg/kg) Trace elements 
  Before After 
Cd 0 0,005±0,01 
Cr 37,47±3,68 27,37±1,25 
Cu 28,77±3,86 27,90±2,98 
Ni 7,48±3,39 12,96±1,58 
Pb 5,68±2,33 7,83±0,88 
Zn 71,76±7,85 68,17±6,57 
 
The figure shows that the HM in soil after experiment in both crops 
remained very low and below the limit values in Finland. 
Trace elements After experiment
0,5
200
100
60 60
150
-50
0
50
100
150
200
250
Cd Cr Cu Ni Pb Zn
Trace elements
mg/kg
Trace elements After
(potatoes crop)
Trace elements after
(cabages crop)
Limit values in Finland
    Figure 20. Trace elements in soil after experiment.  
 
The limit values in Finland from vegetables were fixed only for Cd 
and Pb considering that they are the most toxic ones. 
The mass fractions of Cd and Pb were below the limit values. 
The Finnish recommendation for nutrition gave a limit value for Zn as 
a minimum average intake for men 15-50 years of 5mg.  
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The calculated mass fractions of HM were in mg/kg and the Zn 
amount was far below the given limit value. 
 
Table 21. Mass fractions of trace elements in potato and cabbage 
samples. 
 
Trace 
elements 
 
Mass fractions of potatoes and cabbages (mg/kg) 
  
  
  Potatoes Cabbages  Limit values in Finland  
Cd 0,01±0,02 0,01±0,01 0,05 
Cr 0,13±0,02 0,13±0,03  ND 
Cu 0,008±0,01 0,03±0,03  ND 
Ni 0,53±0,24 1,04±0,28 ND  
Pb 0,03±0,02 0 0,1 
Zn 6,78±0,23 8,74±0,29 ND  
(ND not defined) 
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                              Figure 21. Trace elements in potato and cabbages. 
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4. CONCLUSIONS 
The concentrations values of HM in urine and composted faeces were 
below the limit values of HM in sludge used as fertilizer.  
 
The concentrations of HM in soil after the cultivation experiment 
remained low and stayed below the limit values of HM in soil used in 
agriculture. 
 
Cd, Pb and Zn found in potatoes and cabbages were below the limit 
values of the HM in vegetables and foodstuffs. 
 
The results allow us to consider the application of the human excreta 
as fertilizer in crop cultivation. 
 
The experiment results do not interdict us to use human urine and 
human composted faeces in cultivating food crops. 
 
5. IMPROVEMENTS FOR FUTURE STUDIES 
The results of the presented experiment would be more accurate and 
more relevant by adding few improvements regarding the experiment 
conditions and the analysis. 
 Wet digestion of the organic matter would be more accurate 
and safe regarding the acid fumes release from the apparatus 
by connecting an absorption vessel to the reflux condenser that 
will catch all the fumes released during the wet digestion 
reaction. 
 It would have been interesting and relevant to estimate the HM 
concentration in the seedlings before planting them. 
 The soil texture would have been more accurate when 
analysed with the sieving and measuring the fractions 
percentages in order to define precisely the loam class. 
 Using regular knives in slicing the vegetables raised the risk of 
contamination, and that might affect the amount of HM in 
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potatoes and cabbages. It would be more relevant to slice the 
vegetables by using a non-metallic device. 
 
 
 
              Figure 22. Reaction vessel, reflux condenser and absorption vessel apparatus./3/ 
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Figure 23. Reaction vessel, reflux condenser and absorption vessel apparatus./3/ 
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APPENDIXES                     
APPENDIX 1: DIARY KEPT ON THE SITE 
 
08 May 2007 
The experiment started when the urine and the composted human 
faeces were brought fromVastanfjärd municipality. 
 
10 May 2007 
The site was prepared for the cultivation by weeding, harrowing, and 
making the soil level even. 
 
02 June2007 
The sowing was done for the two first replicates from all the 
treatments of the potatoes and all the fertilizers were added as 
planned. 
 
05 June 2007 
The sowing was done for the two last replicates from all the 
treatments of the potatoes. 
 
06 June 2007 
The sowing was done for 6 rows of extra potatoes fertilized only with 
the mineral fertilizer. 
 
11 June 2007 
The two first replicates of cabbages from all the treatments were 
planted. 
 
12 June 2007 
 The two left replicates of cabbages from all the treatments were 
planted. 
 
13 June 2007 
Three rows of extra cabbages were planted and the soil seemed to be 
very good in this part of the soil because of the peat presence. The soil 
was fertilized with the mineral fertilizer. 
The extra veils were cut and used to cover the extra cabbages to 
prevent the pests damages 
Weeding is always needed.  
No pests observed but some potatoes leaves showed already a 
yellowish colour. 
 
14 June 2007 
Whole the crops have been watered with a trial sprinkler that was 
moved in order to cover the whole area. No pests were observed. 
 The cabbages were still under veils and have been also watered.  
The irrigation was done from 8.20 till 11.00 o’clock am. 
The weeding is needed near the fencing in order to prevent the 
expansion of the weeds toward the crops. 
The first potatoes were monitored in respective order and number they 
appeared with. 
 
 
15 June 2007 
A crow has been eating a potato from SA2 replicate. A net was 
installed and will cover all the potatoes replicates. 
 
18 June 2007 
Pests were first observed on the potatoes plant and there were some 
cabbages flies. 
The cabbage was damaged with the same flies, because they could for 
some reason enter through the veils and they have been eating the 
leaves of the plants. 
 
19 June 2007 
The veils were taken away from the cabbages and pesticide Mavrik 2F 
was spread on the cabbages plants. The pesticide was diluted 
according to the given instructions (so that 4,5 ml of pesticide in 3l of 
water). 
 The cabbages seedlings have been treated with Karate pesticide 
before that they are brought to us to the site. 
 
20 June 2007 
Guests from the University of Kuopio visited the site and we had a 
discussion with Helvi Heinonen-Tanski. Some suggestions were given 
concerning the cabbages monitoring. 
 
21 June 2007 
We started by irrigating, putting the sprinkler in different positions for 
about one hour. 
The second part of the urine treatment to the potatoes crops. 
3L of urine diluted were given for each row SU1, SU2, SU3, and SU4. 
1,5L were given to the SM1, SM2, SM3 and SM4. 
 
25 June 2007 
The second treatment was given to the cabbages and the third part 
would be given after three weeks from this day. 
For the urine fertilization: 12,7L per row 
For combined fertilization: 6,4L of urine per row and 0,175Kg per 
plant. 
For the compost fertilization: 3,5 kg of compost per plant 
For the artificial fertilization: 0,0437Kg per plant 
For the extra cabbages: 0,015 Kg of artificial fertilizer per plant. 
 
27 June 2007 
We started monitoring the cabbages by choosing from each replicates 
the five first plants and leaving the always the first one on the edge of 
the row to avoid the most damaged ones. We are recording the pests, 
eggs and broken leaves and we will measure the diameter of the stem 
of the cabbages. The monitoring will be proceeded once a week. 
Once the cabbages start to roll we will measure the diameter of the 
cabbage. 
 
29 June 2007 
Weeding was first done then soil has been added to the potatoes 
plants. 
The rest of the day was spent in the laboratory where pH 
measurements of soil samples (after experiment) were done. 
Soil samples from potatoes crop: 6o ml of volume soil were collected 
in a event way, so that 12 ml per treatment were taken and the total 
60ml of soil was weighted. M= 68,9980g 
 
Soil samples from cabbages crop: 6o ml of volume soil were collected 
in an event way, so that 12 ml per treatment were taken and the total 
60ml of soil was weighted. M= 65,8338g. 
 
The solutions were prepared according to the standard SFS-EN 13037 
and the measured pH was as follow: 
pH from S: 6,33 
pH from R: 6,50 
 
02 July 2007 
Monitoring the cabbages and weeding between the rows and around 
the plants were done. 
 
09 July 2007 
All the plants were irrigated and the3rd part of the fertilizers was 
given to the cabbages plant. 
 
10 July 2007 
The potatoes plants were monitored. 
 
12 July 2007 
The cabbages monitoring and the weeding were done. 
 
16 July 2007 
The cabbages monitoring and the weeding were done. 
 
17 July 2007 
The potatoes monitoring and the weeding were done. 
 
01 August 2007 
The storm has been damaging some branches from the potatoes plants. 
 
02 August 2007 
Soil was added to the potatoes plants for the second time. Cabbages 
were monitored. 
 
06 August 2007 
Pests violations were observed on the cabbages. Pesticide Mavrik 2F 
was spread on all the cabbages plants. 
 
13 August 2007 
The potatoes were harvested. 
 
17 August 2007 
The fertilizers left from the experiment were taken away from the site. 
 
29 August 2007 
The cabbages were monitored for the last time. 
 
03 September 2007 
The cabbages were harvested 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX 2:  Mass fraction calculations for soil samples before the cultivation 
experiment. 
          Soil Cd     
Sample Mass (g) Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction  
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg) average (mg/kg)
Blank 1 0 1 0,011   0,1     
Blank 2 0 1 0 0,0055 0,1     
Soil 1repl. 1 3,0031 1 0 0,00525 0,1 0   
soil1 repl. 2 3,0062 1 0,0006 0,00525 0,1 0 0 
soil 2 repl. 1 3,0033 1 0 0,00525 0,1 0   
soil 2 repl. 2 3,0029 1 0,0028 0,00525 0,1 0 0 
soil 3 repl.1 3,0045 1 0 0,00525 0,1 0   
soil 3 repl.2 3,0017 1 0 0,00525 0,1 0 0 
soil4 repl.1 3,0045 1 0 0,00525 0,1 0   
soil 4 repl.2 3,0064 1 0 0,00525 0,1 0 0 
soil 5 repl.1 3,0079 1 0 0,00525 0,1 0   
soil 5 repl. 2 3,0079 1 0 0,00525 0,1 0 0 
 
          Soil Cr     
Sample Mass (g) Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction  
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg) average (mg/kg)
Blank 1 0 1 0,01   0,1     
Blank 2 0 1 0,0136 0,0118 0,1     
Soil 1repl. 1 3,0031 1 1,2882 0,0118 0,1 42,50274716   
soil1 repl. 2 3,0062 1 1,293 0,0118 0,1 42,61858825 42,56066771 
soil 2 repl. 1 3,0033 1 1,0443 0,0118 0,1 34,37884993   
soil 2 repl. 2 3,0029 1 0,969 0,0118 0,1 31,87585334 33,12735164 
soil 3 repl.1 3,0045 1 1,0629 0,0118 0,1 34,98419038   
soil 3 repl.2 3,0017 1 1,0846 0,0118 0,1 35,73974748 35,36196893 
soil4 repl.1 3,0045 1 1,1853 0,0118 0,1 39,05807955   
soil 4 repl.2 3,0064 1 1,059 0,0118 0,1 34,83235764 36,94521859 
soil 5 repl.1 3,0079 1 1,2331 0,0118 0,1 40,60307856   
soil 5 repl. 2 3,0079 1 1,1587 0,0118 0,1 38,12959207 39,36633532 
 
          SoilCu     
Sample 
Mass 
(g) Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction  
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg) average (mg/kg)
Blank 1 0 1 0   0,1     
Blank 2 0 1 0 0 0,1     
Soil 1repl. 1 3,0031 1 0,8913 0 0,1 29,67933136   
soil1 repl. 2 3,0062 1 0,989 0 0,1 32,89867607 31,28900371 
soil 2 repl. 1 3,0033 1 0,8636 0 0,1 28,75503613   
soil 2 repl. 2 3,0029 1 0,7246 0 0,1 24,13000766 26,44252189 
soil 3 repl.1 3,0045 1 0,6862 0 0,1 22,83907472   
soil 3 repl.2 3,0017 1 0,7124 0 0,1 23,73321784 23,28614628 
soil4 repl.1 3,0045 1 0,9068 0 0,1 30,18139457   
soil 4 repl.2 3,0064 1 0,8394 0 0,1 27,9204364 29,05091549 
soil 5 repl.1 3,0079 1 1,0134 0 0,1 33,69127963   
soil 5 repl. 2 3,0079 1 0,9475 0 0,1 31,50038233 32,59583098 
 
 
           Soil Ni     
Sample Mass (g) Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction  
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg) average (mg/kg)
Blank 1 0 1 0,0309   0,1     
Blank 2 0 1 0,0382 0,03455 0,1     
Soil 1repl. 1 3,0031 1 0,4851 0,03455 0,1 15,00283041   
soil1 repl. 2 3,0062 1 0,308 0,03455 0,1 9,096201184 12,0495158 
soil 2 repl. 1 3,0033 1 0,1907 0,03455 0,1 5,199280791   
soil 2 repl. 2 3,0029 1 0,2081 0,03455 0,1 5,779413234 5,489347013 
soil 3 repl.1 3,0045 1 0,1464 0,03455 0,1 3,72274921   
soil 3 repl.2 3,0017 1 0,1357 0,03455 0,1 3,369757138 3,546253174 
soil4 repl.1 3,0045 1 0,2772 0,03455 0,1 8,076219005   
soil 4 repl.2 3,0064 1 0,2356 0,03455 0,1 6,687400213 7,381809609 
soil 5 repl.1 3,0079 1 0,3085 0,03455 0,1 9,107683101   
soil 5 repl. 2 3,0079 1 0,2981 0,03455 0,1 8,761926926 8,934805013 
 
          Soil Pb     
Sample Mass (g) Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction  
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg) average (mg/kg)
Blank 1 0 1 0,067   0,1     
Blank 2 0 1 0,0779 0,07245 0,1     
Soil 1repl. 1 3,0031 1 0,3232 0,07245 0,1 8,349705305   
soil1 repl. 2 3,0062 1 0,308 0,07245 0,1 7,835473355 8,09258933 
soil 2 repl. 1 3,0033 1 0,1907 0,07245 0,1 3,937335598   
soil 2 repl. 2 3,0029 1 0,2081 0,07245 0,1 4,517299943 4,22731777 
soil 3 repl.1 3,0045 1 0,1464 0,07245 0,1 2,461308038   
soil 3 repl.2 3,0017 1 0,1357 0,07245 0,1 2,107139288 2,284223663 
soil4 repl.1 3,0045 1 0,2772 0,07245 0,1 6,814777833   
soil 4 repl.2 3,0064 1 0,2356 0,07245 0,1 5,426756253 6,120767043 
soil 5 repl.1 3,0079 1 0,3085 0,07245 0,1 7,847667808   
soil 5 repl. 2 3,0079 1 0,2981 0,07245 0,1 7,501911633 7,67478972 
 
          Soil Zn     
Sample Mass (g) Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction  
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg) average (mg/kg)
Blank 1 0 1     0,1     
Blank 2 0 1 0,0377 0,0377 0,1     
Soil 1repl. 1 3,0031 1 2,2994 0,0377 0,1 75,31217742   
soil1 repl. 2 3,0062 1 2,4481 0,0377 0,1 80,18095935 77,74656838 
soil 2 repl. 1 3,0033 1 2,0783 0,0377 0,1 67,94526021   
soil 2 repl. 2 3,0029 1 1,936 0,0377 0,1 63,21555829 65,58040925 
soil 3 repl.1 3,0045 1 1,9037 0,0377 0,1 62,10683974   
soil 3 repl.2 3,0017 1 1,9123 0,0377 0,1 62,45127761 62,27905867 
soil4 repl.1 3,0045 1 2,2897 0,0377 0,1 74,95423531   
soil 4 repl.2 3,0064 1 2,1061 0,0377 0,1 68,79989356 71,87706444 
soil 5 repl.1 3,0079 1 2,5145 0,0377 0,1 82,343163   
soil 5 repl. 2 3,0079 1 2,4521 0,0377 0,1 80,26862595 81,30589448 
 
APPENDIX 3: Mass fraction calculations for soil samples for growing potatoes in the end 
of the cultivation experiment. 
          Soil Cd     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0   0,1     
Blank 2 0 1 0 0 0,1     
Soil SU1 3,0039 1 0 0 0,1 0   
Soil SU2 3,0081 1 0 0 0,1 0 0 
Soil SF1 3,0057 1 0 0 0,1 0   
Soil SF2 3,0027 1 0 0 0,1 0 0 
Soil SB1 3,0034 1 0 0 0,1 0   
SoilSB2 3,0012 1 0 0 0,1 0 0 
Soil SA1 3,0065 1 0 0 0,1 0   
Soil SA2 3,0069 1 0 0 0,1 0 0 
SoilSM1 3,0056 1 0,0026 0 0,1 0,08650519   
SoilSM2 3,0073 1 0 0 0,1 0 0,043252595 
          Soil Cu     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0   0,1     
Blank 2 0 1 0 0 0,1     
Soil SU1 3,0039 1 0,5149 0 0,1 17,14104997   
Soil SU2 3,0081 1 0,5445 0 0,1 18,10112696 17,62108846 
Soil SF1 3,0057 1 0,6371 0 0,1 21,19639352   
Soil SF2 3,0027 1 0,5676 0 0,1 18,90298731 20,04969042 
Soil SB1 3,0034 1 0,74 0 0,1 24,63874276   
SoilSB2 3,0012 1 0,6779 0 0,1 22,58763161 23,61318719 
Soil SA1 3,0065 1 0,5993 0 0,1 19,93347747   
Soil SA2 3,0069 1 0,6414 0 0,1 21,33093884 20,63220815 
SoilSM1 3,0056 1 0,6562 0 0,1 21,83257919   
SoilSM2 3,0073 1 0,6417 0 0,1 21,33807735 21,58532827 
 
          Soil Cr     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,0175   0,1     
Blank 2 0 1 0,0163 0,0169 0,1     
Soil SU1 3,0039 1 0,8348 0,0169 0,1 27,22793702   
Soil SU2 3,0081 1 0,7848 0,0169 0,1 25,52774176 26,37783939 
Soil SF1 3,0057 1 0,9305 0,0169 0,1 30,39558173   
Soil SF2 3,0027 1 0,8369 0,0169 0,1 27,30875545 28,85216859 
Soil SB1 3,0034 1 0,8587 0,0169 0,1 28,02823467   
SoilSB2 3,0012 1 0,8443 0,0169 0,1 27,56897241 27,79860354 
Soil SA1 3,0065 1 0,8036 0,0169 0,1 26,16663895   
Soil SA2 3,0069 1 0,8286 0,0169 0,1 26,99457913 26,58060904 
SoilSM1 3,0056 1 0,8631 0,0169 0,1 28,15411232   
SoilSM2 3,0073 1 0,8385 0,0169 0,1 27,32018754 27,73714993 
 
 
 
 
           Soil Ni     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,0323   0,1     
Blank 2 0 1 0,0249 0,0286 0,1     
Soil SU1 3,0039 1 0,3882 0,0286 0,1 11,97110423   
Soil SU2 3,0081 1 0,3944 0,0286 0,1 12,16049998 12,06580211 
Soil SF1 3,0057 1 0,4119 0,0286 0,1 12,75243704   
Soil SF2 3,0027 1 0,3763 0,0286 0,1 11,57957838 12,16600771 
Soil SB1 3,0034 1 0,4118 0,0286 0,1 12,75887328   
SoilSB2 3,0012 1 0,4211 0,0286 0,1 13,07810209 12,91848768 
Soil SA1 3,0065 1 0,3714 0,0286 0,1 11,40196241   
Soil SA2 3,0069 1 0,3683 0,0286 0,1 11,29734943 11,34965592 
SoilSM1 3,0056 1 0,4188 0,0286 0,1 12,98243279   
SoilSM2 3,0073 1 0,4228 0,0286 0,1 13,10810361 13,0452682 
 
          Soil Pb     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,0386   0,1     
Blank 2 0 1 0,0365 0,03755 0,1     
Soil SU1 3,0039 1 0,1275 0,03755 0,1 2,994440561   
Soil SU2 3,0081 1 0,1419 0,03755 0,1 3,468967122 3,231703841 
Soil SF1 3,0057 1 0,2404 0,03755 0,1 6,748843863   
Soil SF2 3,0027 1 0,2441 0,03755 0,1 6,878809072 6,813826468 
Soil SB1 3,0034 1 0,2285 0,03755 0,1 6,3577945   
SoilSB2 3,0012 1 0,1717 0,03755 0,1 4,469878715 5,413836607 
Soil SA1 3,0065 1 0,181 0,03755 0,1 4,771328788   
Soil SA2 3,0069 1 0,1458 0,03755 0,1 3,600053211 4,185690999 
SoilSM1 3,0056 1 0,1233 0,03755 0,1 2,853007719   
SoilSM2 3,0073 1 0,1453 0,03755 0,1 3,582948159 3,217977939 
 
          Soil Zn     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0   0,1     
Blank 2 0 1 0 0 0,1     
Soil SU1 3,0039 1 1,7339 0 0,1 57,72162855   
Soil SU2 3,0081 1 1,6651 0 0,1 55,35387786 56,53775321 
Soil SF1 3,0057 1 1,8613 0 0,1 61,92567455   
Soil SF2 3,0027 1 1,7061 0 0,1 56,81886302 59,37226879 
Soil SB1 3,0034 1 1,9493 0 0,1 64,90310981   
SoilSB2 3,0012 1 1,9274 0 0,1 64,22097828 64,56204404 
Soil SA1 3,0065 1 1,7004 0 0,1 56,55745884   
Soil SA2 3,0069 1 1,8036 0 0,1 59,9820413 58,26975007 
SoilSM1 3,0056 1 1,8443 0 0,1 61,36212404   
SoilSM2 3,0073 1 1,824 0 0,1 60,65241246 61,00726825 
 
 
 
APPENDIX 4: Mass fraction calculations for soil samples for growing cabbages in the end 
of the cultivation experiment. 
          Soil Cd     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,0004   0,1     
Blank 2 0 1 0,0013 0,00085 0,1     
Soil RU1 3,0076 1 0,0007 0,00085 0,1 0   
Soil RU2 3,0012 1 0 0,00085 0,1 0 0 
Soil RF1 3,0087 1 0 0,00085 0,1 0   
Soil RF2 3,0079 1 0 0,00085 0,1 0 0 
Soil RB1 3,0024 1 0 0,00085 0,1 0   
Soil RB2 3,0023 1 0 0,00085 0,1 0 0 
Soil RA1 3,0024 1 0 0,00085 0,1 0   
Soil RA2 3,0026 1 0 0,00085 0,1 0 0 
Soil RM1 3,0068 1 0,0024 0,00085 0,1 0,05154982   
Soil RM2 3,0038 1 0,0008 0,00085 0,1 0 0,02577491 
 
          Soil Cu     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,0256   0,1     
Blank 2 0 1 0,0316 0,0286 0,1     
Soil RU1 3,0076 1 0,8743 0,0286 0,1 28,11876579   
Soil RU2 3,0012 1 0,8662 0,0286 0,1 27,90883647 28,01380113 
Soil RF1 3,0087 1 0,7868 0,0286 0,1 25,2002526   
Soil RF2 3,0079 1 0,815 0,0286 0,1 26,14448619 25,67236939 
Soil RB1 3,0024 1 0,8776 0,0286 0,1 28,2773781   
Soil RB2 3,0023 1 0,8458 0,0286 0,1 27,219132 27,74825505 
Soil RA1 3,0024 1 0,8119 0,0286 0,1 26,0891287   
Soil RA2 3,0026 1 1,1068 0,0286 0,1 35,90887897 30,99900383 
Soil RM1 3,0068 1 0,8313 0,0286 0,1 26,69615538   
Soil RM2 3,0038 1 0,8536 0,0286 0,1 27,46521073 27,08068306 
 
          Soil Cr     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,0131   0,1     
Blank 2 0 1 0,0203 0,0167 0,1     
Soil RU1 3,0076 1 0,8468 0,0167 0,1 27,6000798   
Soil RU2 3,0012 1 0,8355 0,0167 0,1 27,28242037 27,44125008 
Soil RF1 3,0087 1 0,8558 0,0167 0,1 27,88912155   
Soil RF2 3,0079 1 0,8047 0,0167 0,1 26,19767944 27,0434005 
Soil RB1 3,0024 1 0,9157 0,0167 0,1 29,9427125   
Soil RB2 3,0023 1 0,7964 0,0167 0,1 25,9700896 27,95640105 
Soil RA1 3,0024 1 0,7978 0,0167 0,1 26,01585398   
Soil RA2 3,0026 1 0,8119 0,0167 0,1 26,48371411 26,24978405 
Soil RM1 3,0068 1 0,8612 0,0167 0,1 28,08633763   
Soil RM2 3,0038 1 0,8645 0,0167 0,1 28,22424928 28,15529346 
 
 
 
           Soil Ni     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,0579   0,1     
Blank 2 0 1 0,0794 0,06865 0,1     
Soil RU1 3,0076 1 0,4275 0,06865 0,1 11,93144035   
Soil RU2 3,0012 1 0,4481 0,06865 0,1 12,64327602 12,28735819 
Soil RF1 3,0087 1 0,446 0,06865 0,1 12,54196164   
Soil RF2 3,0079 1 0,4066 0,06865 0,1 11,23541341 11,88868753 
Soil RB1 3,0024 1 0,5261 0,06865 0,1 15,23614442   
Soil RB2 3,0023 1 0,4082 0,06865 0,1 11,30966259 13,2729035 
Soil RA1 3,0024 1 0,4356 0,06865 0,1 12,22188916   
Soil RA2 3,0026 1 0,4725 0,06865 0,1 13,45000999 12,83594957 
Soil RM1 3,0068 1 0,5511 0,06865 0,1 16,04529733   
Soil RM2 3,0038 1 0,4591 0,06865 0,1 12,99853519 14,52191626 
 
          Soil Pb     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,008   0,1     
Blank 2 0 1 0,0067 0,00735 0,1     
Soil RU1 3,0076 1 0,2385 0,00735 0,1 7,685529991   
Soil RU2 3,0012 1 0,2583 0,00735 0,1 8,361655338 8,023592664 
Soil RF1 3,0087 1 0,2473 0,00735 0,1 7,975205238   
Soil RF2 3,0079 1 0,2373 0,00735 0,1 7,644868513 7,810036876 
Soil RB1 3,0024 1 0,288 0,00735 0,1 9,347521982   
Soil RB2 3,0023 1 0,2649 0,00735 0,1 8,578423209 8,962972596 
Soil RA1 3,0024 1 0,1915 0,00735 0,1 6,133426592   
Soil RA2 3,0026 1 0,2439 0,00735 0,1 7,878172251 7,005799421 
Soil RM1 3,0068 1 0,2149 0,00735 0,1 6,902687242   
Soil RM2 3,0038 1 0,2409 0,00735 0,1 7,775151475 7,338919359 
 
          Soil Zn     
Sample Mass (g) Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,1059   0,1     
Blank 2 0 1 0,1062 0,10605 0,1     
Soil RU1 3,0076 1 2,2514 0,10605 0,1 71,33096156   
Soil RU2 3,0012 1 2,5949 0,10605 0,1 82,92849527 77,12972842 
Soil RF1 3,0087 1 2,2916 0,10605 0,1 72,64100774   
Soil RF2 3,0079 1 2,0052 0,10605 0,1 63,13873467 67,8898712 
Soil RB1 3,0024 1 2,2368 0,10605 0,1 70,96822542   
Soil RB2 3,0023 1 1,9436 0,10605 0,1 61,20474303 66,08648423 
Soil RA1 3,0024 1 2,0195 0,10605 0,1 63,73068212   
Soil RA2 3,0026 1 2,0238 0,10605 0,1 63,86964631 63,80016421 
Soil RM1 3,0068 1 2,1588 0,10605 0,1 68,27025409   
Soil RM2 3,0038 1 2,0157 0,10605 0,1 63,57447234 65,92236321 
 
 
 
 
APPENDIX 5: Mass fraction calculations for potatoes samples. 
          Potatoes Cd   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1     0,1     
Blank 2 0 1 0 0 0,1     
 SU1 5,0015 1 0 0 0,1 0   
SU2 5,0086 1 0 0 0,1 0   
SU3 5,0042 1 0 0 0,1 0   
SU4 5,0015 1 0 0 0,1 0 0 
SF1 5,0074 1 0 0 0,1 0   
SF2 5,0089 1 0 0 0,1 0   
SF3 5,0091 1 0 0 0,1 0   
SF4 5,0073 1 0 0 0,1 0 0 
SB1 5,0038 1 0 0 0,1 0   
SB2 5,0015 1 0 0 0,1 0   
SB3 5,0058 1 0 0 0,1 0   
SB4 5,0095 1 0 0 0,1 0 0 
SA1 5,0035 1 0.0008 0 0,1 0,28   
SA2 5,003 1 0 0 0,1 0   
SA3 5,0054 1 0 0 0,1 0 0,093333333 
SM1 5,0028 1 0 0 0,1 0   
SM2 5,0066 1 0 0 0,1 0   
SM3 5,0051 1 0 0 0,1 0   
SM4 5,003 1 0 0 0,1 0 0 
 
          Potatoes Cu   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0   0,1     
Blank 2 0 1   0 0,1     
 SU1 5,0015 1 0 0 0,1 0   
SU2 5,0086 1 0 0 0,1 0   
SU3 5,0042 1 0 0 0,1 0   
SU4 5,0015 1 0 0 0,1 0 0 
SF1 5,0074 1 0 0 0,1 0   
SF2 5,0089 1 0 0 0,1 0   
SF3 5,0091 1 0,0085 0 0,1 0,169691162   
SF4 5,0073 1 0 0 0,1 0 0,042422791 
SB1 5,0038 1 0 0 0,1 0   
SB2 5,0015 1 0 0 0,1 0   
SB3 5,0058 1 0 0 0,1 0   
SB4 5,0095 1 0 0 0,1 0 0 
SA1 5,0035 1 0 0 0,1 0   
SA2 5,003 1 0 0 0,1 0   
SA3 5,0054 1 0 0 0,1 0 0 
SM1 5,0028 1 0 0 0,1 0   
SM2 5,0066 1 0 0 0,1 0   
SM3 5,0051 1 0 0 0,1 0   
SM4 5,003 1 0 0 0,1 0 0 
 
 
 
           Potatoes Cr   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,0464   0,1     
Blank 2 0 1   0,0464 0,1     
 SU1 5,0015 1 0,047 0,0464 0,1 0,011996401   
SU2 5,0086 1 0,0527 0,0464 0,1 0,125783652   
SU3 5,0042 1 0,0578 0,0464 0,1 0,227808641   
SU4 5,0015 1 0,0599 0,0464 0,1 0,269919024 0,15887693 
SF1 5,0074 1 0,0567 0,0464 0,1 0,205695571   
SF2 5,0089 1 0,046 0,0464 0,1 -0,007985785   
SF3 5,0091 1 0,0558 0,0464 0,1 0,187658462   
SF4 5,0073 1 0,0468 0,0464 0,1 0,007988337 0,098339146 
SB1 5,0038 1 0,0582 0,0464 0,1 0,235820776   
SB2 5,0015 1 0,0542 0,0464 0,1 0,155953214   
SB3 5,0058 1 0,0585 0,0464 0,1 0,241719605   
SB4 5,0095 1 0,0512 0,0464 0,1 0,095817946 0,182327885 
SA1 5,0035 1 0,04992 0,0464 0,1 0,070350754   
SA2 5,003 1 0,0447 0,0464 0,1 -0,033979612   
SA3 5,0054 1 0,0524 0,0464 0,1 0,11987054 0,052080561 
SM1 5,0028 1 0,0522 0,0464 0,1 0,115935076   
SM2 5,0066 1 0,0556 0,0464 0,1 0,18375744   
SM3 5,0051 1 0,0564 0,0464 0,1 0,199796208   
SM4 5,003 1 0,0547 0,0464 0,1 0,16590046 0,166347296 
 
          Potatoes Ni   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,1787   0,1     
Blank 2 0 1   0,1787 0,1     
 SU1 5,0015 1 0,2148 0,1787 0,1 0,721783465   
SU2 5,0086 1 0,1138 0,1787 0,1 -1,295771273   
SU3 5,0042 1 0,185 0,1787 0,1 0,125894249   
SU4 5,0015 1 0,1279 0,1787 0,1 -1,015695291 -0,365947213
SF1 5,0074 1 0,2965 0,1787 0,1 2,352518273   
SF2 5,0089 1 0,163 0,1787 0,1 -0,313442073   
SF3 5,0091 1 0,2017 0,1787 0,1 0,459164321   
SF4 5,0073 1 0,2252 0,1787 0,1 0,928644179 0,856721175 
SB1 5,0038 1 0,1914 0,1787 0,1 0,253807107   
SB2 5,0015 1 0,2598 0,1787 0,1 1,621513546   
SB3 5,0058 1 0,1796 0,1787 0,1 0,017979144   
SB4 5,0095 1 0,2415 0,1787 0,1 1,253618126 0,786729481 
SA1 5,0035 1 0,2612 0,1787 0,1 1,648845808   
SA2 5,003 1 0,1567 0,1787 0,1 -0,439736158   
SA3 5,0054 1 0,1927 0,1787 0,1 0,279697926 0,496269192 
SM1 5,0028 1 0,1583 0,1787 0,1 -0,407771648   
SM2 5,0066 1 0,3016 0,1787 0,1 2,454759717   
SM3 5,0051 1 0,232 0,1787 0,1 1,064913788   
SM4 5,003 1 0,1939 0,1787 0,1 0,303817709 0,853929892 
 
 
           Potatoes Pb   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1     0,1     
Blank 2 0 1 0 0 0,1     
 SU1 5,0015 1 0 0 0,1 0   
SU2 5,0086 1 0,0097 0 0,1 0,193666893   
SU3 5,0042 1 0,0214 0 0,1 0,427640782   
SU4 5,0015 1 0 0 0,1 0 0,155326919 
SF1 5,0074 1 0 0 0,1 0   
SF2 5,0089 1 0 0 0,1 0   
SF3 5,0091 1 0 0 0,1 0   
SF4 5,0073 1 0 0 0,1 0 0 
SB1 5,0038 1 0 0 0,1 0   
SB2 5,0015 1 0 0 0,1 0   
SB3 5,0058 1 0 0 0,1 0   
SB4 5,0095 1 0 0 0,1 0 0 
SA1 5,0035 1 0 0 0,1 0   
SA2 5,003 1 0 0 0,1 0   
SA3 5,0054 1 0 0 0,1 0 0 
SM1 5,0028 1 0 0 0,1 0   
SM2 5,0066 1 0 0 0,1 0   
SM3 5,0051 1 0 0 0,1 0   
SM4 5,003 1 0 0 0,1 0 0 
 
 
          Potatoes Zn   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1     0,1     
Blank 2 0 1 0,1394 0,1394 0,1     
 SU1 5,0015 1 0,4697 0,1394 0,1 6,604018794   
SU2 5,0086 1 0,5062 0,1394 0,1 7,323403746   
SU3 5,0042 1 0,563 0,1394 0,1 8,464889493   
SU4 5,0015 1 0,5101 0,1394 0,1 7,411776467 7,451022125 
SF1 5,0074 1 0,4453 0,1394 0,1 6,108958741   
SF2 5,0089 1 0,4945 0,1394 0,1 7,089380902   
SF3 5,0091 1 0,5276 0,1394 0,1 7,749895191   
SF4 5,0073 1 0,5033 0,1394 0,1 7,267389611 7,053906111 
SB1 5,0038 1 0,3678 0,1394 0,1 4,564530956   
SB2 5,0015 1 0,4317 0,1394 0,1 5,844246726   
SB3 5,0058 1 0,4216 0,1394 0,1 5,637460546   
SB4 5,0095 1 0,3901 0,1394 0,1 5,004491466 5,262682424 
SA1 5,0035 1 0,4613 0,1394 0,1 6,433496552   
SA2 5,003 1 0,491 0,1394 0,1 7,02778333   
SA3 5,0054 1 0,5343 0,1394 0,1 7,889479362 7,116919748 
SM1 5,0028 1 0,4715 0,1394 0,1 6,638282562   
SM2 5,0066 1 0,4744 0,1394 0,1 6,691167659   
SM3 5,0051 1 0,5139 0,1394 0,1 7,482367985   
SM4 5,003 1 0,5041 0,1394 0,1 7,289626224 7,025361107 
 
 
APPENDIX 6: Mass fraction calculations for cabbages samples. 
          Cabbages Cd   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0   0,1     
Blank 2 0 1 0 0 0,1     
 RU1 5,0012 1 0 0 0,1 0   
RU2 5,0001 1 0,0009 0 0,1 0,01799964   
RU3 5,0085 1 0 0 0,1 0   
RU4 5,0023 1 0 0 0,1 0 0,00449991 
RF1 5,006 1 0 0 0,1 0   
RF2 5,0063 1 0 0 0,1 0   
RF3 5,0054 1   0 0,1     
RF4 5,0043 1 0 0 0,1 0 0 
RB1 5,0064 1 0 0 0,1 0   
RB2 5,0018 1 0 0 0,1 0   
RB3 5,0028 1 0 0 0,1 0   
RB4 5,007 1 0 0 0,1 0 0 
RA1 5,008 1 0,0053 0 0,1 0,105830671   
RA2 5,0028 1   0 0,1     
RA3 5,0093 1 0 0 0,1 0 0,052915335
RM1 5,0085 1 0,0012 0 0,1 0,023959269   
RM2 5,0017 1 0 0 0,1 0   
RM3 5,0023 1 0 0 0,1 0   
RM4 5,0098 1 0 0 0,1 0 0,005989817
 
          Cabbages Cu   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,0969   0,1     
Blank 2 0 1 0,0479 0,0724 0,1     
 RU1 5,0012 1 0 0,0724 0,1 0   
RU2 5,0001 1 0 0,0724 0,1 0   
RU3 5,0085 1 0 0,0724 0,1 0   
RU4 5,0023 1 0 0,0724 0,1 0 0 
RF1 5,006 1 0 0,0724 0,1 0   
RF2 5,0063 1 0 0,0724 0,1 0   
RF3 5,0054 1 0 0,0724 0,1 0   
RF4 5,0043 1   0,0724 0,1   0 
RB1 5,0064 1 0,0985 0,0724 0,1 0,521332694   
RB2 5,0018 1 0,0692 0,0724 0,1 0   
RB3 5,0028 1 0,0547 0,0724 0,1 0   
RB4 5,007 1 0,0158 0,0724 0,1 0 0,130333174
RA1 5,008 1 0,0181 0,0724 0,1 0   
RA2 5,0028 1   0,0724 0,1     
RA3 5,0093 1 0,028 0,0724 0,1 0 0 
RM1 5,0085 1 0 0,0724 0,1 0   
RM2 5,0017 1 0 0,0724 0,1 0   
RM3 5,0023 1 0 0,0724 0,1 0   
RM4 5,0098 1 0 0,0724 0,1 0 0 
 
 
 
           Cabbages Cr   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,0378   0,1     
Blank 2 0 1 0,0339 0,03585 0,1     
 RU1 5,0012 1 0,0316 0,03585 0,1 0   
RU2 5,0001 1 0,0356 0,03585 0,1 0   
RU3 5,0085 1 0,0463 0,03585 0,1 0,208645303   
RU4 5,0023 1 0,0387 0,03585 0,1 0,056973792 0,066404774
RF1 5,006 1 0,0499 0,03585 0,1 0,280663204   
RF2 5,0063 1 0,0428 0,03585 0,1 0,13882508   
RF3 5,0054 1   0,03585 0,1     
RF4 5,0043 1 0,0461 0,03585 0,1 0,204823851 0,208104045
RB1 5,0064 1 0,038 0,03585 0,1 0,04294503   
RB2 5,0018 1 0,0357 0,03585 0,1 0   
RB3 5,0028 1 0,0436 0,03585 0,1 0,154913249   
RB4 5,007 1   0,03585 0,1   0,06595276 
RA1 5,008 1 0,0511 0,03585 0,1 0,30451278   
RA2 5,0028 1   0,03585 0,1     
RA3 5,0093 1 0,0445 0,03585 0,1 0,172678817 0,238595798
RM1 5,0085 1 0,0362 0,03585 0,1 0,00698812   
RM2 5,0017 1 0,0426 0,03585 0,1 0,134954116   
RM3 5,0023 1 0,0387 0,03585 0,1 0,056973792   
RM4 5,0098 1 0,04 0,03585 0,1 0,082837638 0,070438417
 
          Cabbages Ni   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,1883   0,1     
Blank 2 0 1 0,2189 0,2036 0,1     
 RU1 5,0012 1 0,2467 0,2036 0,1 0,86179317   
RU2 5,0001 1 0,2326 0,2036 0,1 0,5799884   
RU3 5,0085 1 0,2538 0,2036 0,1 1,002296097   
RU4 5,0023 1 0,3105 0,2036 0,1 2,137016972 1,14527366 
RF1 5,006 1 0,3106 0,2036 0,1 2,137435078   
RF2 5,0063 1 0,3107 0,2036 0,1 2,139304476   
RF3 5,0054 1   0,2036 0,1 0   
RF4 5,0043 1 0,2983 0,2036 0,1 1,89237256 1,542278028
RB1 5,0064 1 0,3137 0,2036 0,1 2,199185043   
RB2 5,0018 1 0,0891 0,2036 0,1 0   
RB3 5,0028 1 0,2284 0,2036 0,1 0,495722395   
RB4 5,007 1 0,1966 0,2036 0,1 0 0,67372686 
RA1 5,008 1 0,1418 0,2036 0,1 0   
RA2 5,0028 1   0,2036 0,1 0   
RA3 5,0093 1 0,1742 0,2036 0,1 0 0 
RM1 5,0085 1 0,3852 0,2036 0,1 3,625836079   
RM2 5,0017 1 0,2096 0,2036 0,1 0,119959214   
RM3 5,0023 1 0,2033 0,2036 0,1 0   
RM4 5,0098 1 0,3818 0,2036 0,1 3,557028225 1,825705879
 
 
           Cabbages Pb   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,441   0,1     
Blank 2 0 1 0,2255 0,33325 0,1     
 RU1 5,0012 1 0,201 0,33325 0,1 0   
RU2 5,0001 1 0,2141 0,33325 0,1 0   
RU3 5,0085 1 0,1481 0,33325 0,1 0   
RU4 5,0023 1 0,1886 0,33325 0,1 0 0 
RF1 5,006 1 0,1821 0,33325 0,1 0   
RF2 5,0063 1 0 0,33325 0,1 0   
RF3 5,0054 1   0,33325 0,1 0   
RF4 5,0043 1 0 0,33325 0,1 0 0 
RB1 5,0064 1 0,0952 0,33325 0,1 0   
RB2 5,0018 1 0,1291 0,33325 0,1 0   
RB3 5,0028 1 0,126 0,33325 0,1 0   
RB4 5,007 1 0,1847 0,33325 0,1 0 0 
RA1 5,008 1 0,202 0,33325 0,1 0   
RA2 5,0028 1   0,33325 0,1 0   
RA3 5,0093 1 0,0978 0,33325 0,1 0 0 
RM1 5,0085 1 0,1818 0,33325 0,1 0   
RM2 5,0017 1 0,186 0,33325 0,1 0   
RM3 5,0023 1 0,3027 0,33325 0,1 0   
RM4 5,0098 1 0,1339 0,33325 0,1 0 0 
 
          Cabbages Zn   
Sample Mass Dilution  Conc.  Conc.  Volume Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,1306   0,1     
Blank 2 0 1 0,1305 0,13055 0,1     
 RU1 5,0012 1 0,5839 0,13055 0,1 9,064824442   
RU2 5,0001 1 0,5466 0,13055 0,1 8,320833583   
RU3 5,0085 1 0,5592 0,13055 0,1 8,558450634   
RU4 5,0023 1 0,6461 0,13055 0,1 10,30625912 9,062591945
RF1 5,006 1 0,5967 0,13055 0,1 9,311825809   
RF2 5,0063 1 0,7145 0,13055 0,1 11,66430298   
RF3 5,0054 1   0,13055 0,1     
RF4 5,0043 1 0,6286 0,13055 0,1 9,952440901 10,30952323
RB1 5,0064 1 0,5851 0,13055 0,1 9,079378396   
RB2 5,0018 1 0,463 0,13055 0,1 6,646607221   
RB3 5,0028 1 0,4916 0,13055 0,1 7,216958503   
RB4 5,007 1 0,5383 0,13055 0,1 8,143598961 7,77163577 
RA1 5,008 1 0,5047 0,13055 0,1 7,471046326   
RA2 5,0028 1   0,13055 0,1     
RA3 5,0093 1 0,5405 0,13055 0,1 8,183778173 7,827412249
RM1 5,0085 1 0,5796 0,13055 0,1 8,965758211   
RM2 5,0017 1 0,5417 0,13055 0,1 8,22020513   
RM3 5,0023 1 0,5745 0,13055 0,1 8,874917538   
RM4 5,0098 1 0,571 0,13055 0,1 8,791768134 8,713162253
 
 
 
APPENDICE 7: Mass fraction calculations for urine samples. 
      Urine Cd       
Sample Volume  Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction 
  (ml) ratio (mg/l) (mg/l) Blank (ml) sample (mg/l) average (mg/l)
Blank 1 0 1 0,011   100     
Blank 2 0 1 0 0,0055 100     
Urine repl. 1 25 1 0 0,00525 100 0   
Urine  repl. 2 25 1 0 0,00525 100 0 0 
 
      Urine Cu       
Sample Volume (ml) Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (ml) sample (mg/l) average (mg/l)
Blank 1 0 1 0,0256   100     
Blank 2 0 1 0,0316 0,0286 100     
Urine repl. 1 25 1 0,0072 0,0286 100 0   
Urine  repl. 2 25 1 0,0466 0,0286 100 0,072 0,036 
 
 
      Urine Cr       
Sample Volume (ml) Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (ml) sample (mg/l) average (mg/l)
Blank 1 0 1 0,01   100     
Blank 2 0 1 0,0136 0,0118 100     
Urine repl. 1 25 1 0,0182 0,0118 100 0,0256   
Urine  repl. 2 25 1 0,0217 0,0118 100 0,0396 0,0326 
 
      Urine Ni       
Sample Volume (ml) Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (ml) sample (mg/l) average (mg/l)
Blank 1 0 1 0,0309   100     
Blank 2 0 1 0,0382 0,03455 100     
Urine repl. 1 25 1 0,0091 0,03455 100 0   
Urine  repl. 2 25 1 0,0628 0,03455 100 0,113 0,0565 
 
      Urine Pb       
Sample Volume (ml) Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (ml) sample (mg/l) average (mg/l)
Blank 1 0 1 0,067   100     
Blank 2 0 1 0,0779 0,07245 100     
Urine repl. 1 25 1 0,0343 0,07245 100 0   
Urine  repl. 2 25 1 0,0288 0,07245 100 0 0 
 
 
 
 
 
       Urine Zn       
Sample Volume (ml) Dilution Conc. Conc.  Volume Mass fraction/ Mass fraction 
    ratio (mg/l) (mg/l) Blank (ml) sample (mg/l) average (mg/l)
Blank 1 0 1     100     
Blank 2 0 1 0,0377 0,0377 100     
Urine repl. 1 25 1 0 0,0377 100 0   
Urine  repl. 2 25 1 0,0868 0,0377 100 0,1964 0,0982 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDICE 8: Mass fraction calculations for composted faeces samples. 
      Composted faeces Cd       
Sample Mass  Dilution Conc. Conc.  Volume Dry matter Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) content (%) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,011   0,1 0     
Blank 2 0 1 0 0,0055 0,1 0     
Compost 1 3,0072 1 0 0,00525 0,1 23,182 0   
Compost 2 3,0033 1 0 0,00525 0,1 23,182 0 0 
 
      Composted faeces Cu       
Sample Mass Dilution Conc. Conc.  Volume Dry matter Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) content (%) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0   0,1 0     
Blank 2 0 1 0 0 0,1 0     
Compost 1 3,0072 1 0,6468 0 0,1 23,182 21,50837989   
Compost 2 3,0033 1 0,6027 0 0,1 23,182 20,06792528 20,78815259
 
      Composted faeces Cr       
Sample Mass Dilution Conc. Conc.  Volume Dry matter Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) content (%) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,01   0,1 0     
Blank 2 0 1 0,0136 0,0118 0,1 0     
Compost 1 3,0072 1 0,0608 0,0118 0,1 23,182 1,629422719   
Compost 2 3,0033 1 0,0576 0,0118 0,1 23,182 1,524989179 1,577205949
 
      Composted faeces Ni       
Sample Mass Dilution Conc. Conc.  Volume Dry matter Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) content (%) sample (mg/kg) (mg/kg) 
Blank 1 0 1 0,0309   0,1 0     
Blank 2 0 1 0,0382 0,03455 0,1 0     
Compost 1 3,0072 1 0,2881 0,03455 0,1 23,182 8,431431232   
Compost 2 3,0033 1 0,2083 0,03455 0,1 23,182 5,785302834 7,108367033
 
      Composted faeces Pb       
Sample Mass Dilution Conc. Conc.  Volume Dry matter Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) content (%) sample (mg/kg)  (mg/kg) 
Blank 1 0 1 0,067   0,1 0     
Blank 2 0 1 0,0779 0,07245 0,1 0     
Compost 1 3,0072 1 0,1251 0,07245 0,1 23,182 1,750798085   
Compost 2 3,0033 1 0,1023 0,07245 0,1 23,182 0,993906703 1,372352394
 
 
 
 
 
 
       Composted faeces Zn       
Sample Mass Dilution Conc. Conc.  Volume Dry matter Mass fraction/ Mass fraction 
  (g) ratio (mg/l) (mg/l) Blank (l) content (%) sample (mg/kg)  (mg/kg) 
Blank 1 0 1     0,1 0     
Blank 2 0 1 0,0377 0,0377 0,1 0     
Compost 1 3,0072 1 9,6771 0,0377 0,1 23,182 320,5440277   
Compost 2 3,0033 1 10,137 0,0377 0,1 23,182 336,2734326 328,4087301
 
